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alyst exhibits high acrivity in olefin polymerization. 
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Description 

TECHNICAL FIELD 

5 [0001 ] Tne present invention relates to a novel transition metal compound to give a catalyst for efficiently and inex- 
pensively producing polyolefins and a-olefins, to an olefin polymerization catalyst comprising the transition metal com- 
pound, and.to an olefin polymerization method. The invention also relates to a novel transition metal compound to give 
a catalyst for producing a-olefins with reduced formation of side products such as heavy matters, waxy matters and 
others, to an olefin polymerization catalyst comprising the transition metaJ compound and to an olefin polymerization 

to method. 

RELATED ART 

[0002] Heretofore, Ziegler-Natta catalysts have been known from the past for olefin polymerization catalysts for pro- 
is ducing polyolefins. The technical innovation in the art is now remarkable, as will be seen in the recent development of 
metallocene catalysts, and it has significant influences on the industrial field. Further developing next-generation cat- 
alysts is much desired these days. 

[0003] On the other hand, Known is a process (SHOP; Shell Higher Olefin Process) of using a nickel complex for 
• polymerizing ethylene to produce ethylene oligomers (often referred to as a-olefins), out the process is problematic In 
20 that the accivity of the nickel complex used therein is low. Recently, it has been found 'hat a catalyst comprising a 
nickel-diimine complex (International Patent Laid-Open No. 96-230 10) and a catalyst comprising an iron or cobalt 
chelated complex (Chem. Commun., 1998, 349-350; J. Am. Chem. 3oc, 1398, 120, 7143-7144; J, Am. Chem. Soc, 
1998, 120, 4049-4050) have high activity for ethylene polymerization. For example, it is said that, :n a method of using 
an iron chelated complex as a main catalyst combined with methylaluminoxane as a promoter for ethylene polymeri- 
as zation the catalyst exhibits high ethylene polymerization activity with good terminal selectivity in producing ethylene 
oligomers. In addition, International Patent Laid-Open Nos. 93-27124.. 99-02472 ana 9S-12981 disclose a method of 
polymerizing ethylene in the presence of a complex similar -o the above. However, :hese methods are all defective :n 
that thev require a large amount of an expensive alummoxane and give sice products, poh/mers and waxes ir large 
quantities. Anyhow, at present, no one knows an efficient method for producing a-olefins in which the unit aca/.iy of 
30 the catalyst use-: : high and :he amount of side products such as heavy makers, waxy matters and others formed is 
reduced On tr-i :ner hand, regarding compounds of transition rnecais of Group 3 of the Periodic Table. Japanese 
Patent Laid-Oper. Nos. 96215/1989. 96215/1939 and S621 7/1 989 disclose a method for producing chelate complexes 
comprising iron and a hetero atom-containing hydrocarbon group. However, these compounds produced 'herein are 
for ferromagnetic films. 

35 [0004] The present invention has been made in consideration of the above-mentioned viewpoints, and its object is 
to provide an olefin polymerization catalyst having hign activity for olefin polymerization, to provide a transition metal 
compound to give the catalyst, and to orovide an olefin polymerization method. 

[0005] In addrtion the invention is also to provide an olefin polymenzation catalyst for producing a-olerms with re- 
duced formation of side products such as heavy matters, waxy matters and others, to provide a transition metal com- 
40 pound to give the catalyst, and to provide an olefin poiymenzation method. 

DISCLOSURE OF THE INVENTION 

[0006] We the oresent inventors have assiduously studied so as :o attain [he objects as above, and, as a result, 
« have found that a specific trans.ticn metal compound of the Groups 3 to 1 0 of zfie Periodic Table, and an olefin polym- 
erization catalvst that comprises the transition metal compound along with at least one selected from organoaium.n.um 
compounds, ionic compounds, Lewis acids, and clay, clay minerals and ion-exchanging layered compounds can ef- 
fectively attain the objects. On the basis of these findings, we have completed the present invention. 
[G007] Specifically, the invention is summarized as follows: 

1 . A transition metal compound of Groups 3 to 10 of the Periodic Table, represented by the following general 
formula (1) : 



55 
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[LJMXn 
I 

Y 

I \ 

[L']MXn ... (1) 

Y JZA 
I 

[LJMXn 

wherein M recrasents a transition metal of Groups 3 :o 10 of the Perocic Table; L and L* each represent a hetero 
acorn -containing hydrccarcon group; X represents a covalenc-conding or :ontc-bonding group, and a cluraliry of 
X*3. if any. may be the same or different; V represents an aromatic group-containing crosslinking group: Z is an 
integer of t or more, indicating the degree of colymehzaticn cf the compound; n incicates Che atomic valency of 
iVI; ana .VI. L, and Y may be the same or different. 

2. The transition metal compound of above ! . wherein [L] is represented by the following general formula (2): 




wherein R 1 to R 5 each independently represent a hydrogen atom, a haiogen atom, a hydrocarbon group having 
from 1 to 20 carbon atoms, a halogenohydrocarbon group having from 1 :o 20 carbon atoms, or a hetero atom- 
containing group, and these may be bonced :o each other to form a r.ng; R 5 represents a hydrogen atom, a hy- 
crocarbon group having from 1 to ±0 carbon atoms, a halogenohycrccarbon group having from 1 to 4Q carbcn 
atoms, or a hetero atom-containing group. 
. 3. Tne transition metal compound of above 1, wherein [I'] is represented by the following general formula (3): 
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(3) 



wherein R 7 to H 11 each independently represent a hydrogen atom, a halogen atom, a hydrocarbon group having 
from 1 to 20 cartion atoms, a halogenohydrocaroon group having from 1 to 20 carbon atoms, or a hetero atom- 
containing group, and these may be Ponded to each other to form a ring. 
4. A transition metal compound of the following general formula (4) : 





(4) 



wherein V is a crosslinking group to be represented by the following general formula <5A) or (53): 



EP 1 229 020 A1 



10 




(5A) 
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25 




(5B) 



30 



33 



-0 



■<1 resects a transition metal of Groups 3 to 10 or the ?edccic Tacie: R< to =,s sach .nceoendenCy represent a 
nydrogen atom, a halogen atom, a hydrocarbon group having from : to 20 parson atoms, a halogenohvdrocareon 
group having from 1 to 20 carbon atoms, or a hetero atom-containing group, and these may be bonded to -ach 
other :o form a ring; R« represents a hydrogen atom, a hydrocarbon group having from 1 to 40 oarscn atoms a 
,-alcgenohydrocarron group having from 1 to -0 carbon atoms, cr a hetero atom-containing group' X reoresen's 
a covalent-bonding or ionic-bending group, and a plurality of X's, if any. maybe the same or oifferenr n indicates 
tne atomic valency of M; a« to 3'» and R«« to R* each indepencentiy represent a hydrogen atom (except for 

a - a 30 « " ° r 3 hyc!rocar!:on 3 roup navin 3 lro ™ 1 t0 20 :atton atoms - these may be the same or different- 
' arc R " -""ay bonded to each other to form a ring; 3 represents -(R 2 SC)m-. -R*S5k -O- -5- or -R2*n-- 
32* represents a hydrogen atom, or a hydrocarbon group havng from : to 2C r camcn acorns; and m is an integer 
cr rrom 0 to 4. 3 

5 The transition metal compound of above a, wnerein R'a and fl'S each are a hydrocarbon group having from 1 
to 20 carbon atcms, and R'3 and R' 4 - are both hydrogen atoms. 

S. The transition metal compound of above ±, wherein RS is 3 gr0ljp t0 3e representad by , he f cj | 0wjRg fofr71ula: 
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wherein R2S r 0 R29 each independently represent a hydrogen atom; and R 23 is a methyl group, ethyl group or a 
hydrogen atom. 

7. The transition metal compound of above 1 to 4, wherein the transition metal M is iron or cobalt. 
3. An olefin polymerization catalyst comprising the following (A) and (3): 

(A) a transition metal compound that contains a transition metal of Groups 3 to 10 of the Periodic Table, at 
least two, hetero atom-containing hydrocarbon groups, and a crossiinking group; 

(B) at least one compound selected from a compound group of (B-t) organoaluminium compounds, (B-2) ionic 
compounds capable of being converted into cationic transition metal compounds through reaction with the 
transition metal compound, (B-3) Lewis acids, and (B-4) clay, clay minerals and ion-exchanging layered com- 



9. An olefin polymerization catalyst comprising the following (A), (3) and (C); 

(A) a transition metal compound that contains a transition metal of Groups 3 to 10 of the Periodic Table, at 
least two. hetero atom-containing hydrocarbon groups., and a crosslinking grouo; 

(B) at least one compound sefected from a compound group of (3-1 ) organoaluminium compounds, (3-2) ionic 
compounds capade of being converted into cationic iransiticn metal compounds through reaction with :re 
transition metal ccmpound, (3-3) Lewis acids, and (B-4) ciay, clay minerals and ion-exchanging layered com- 
pounds; 

(C) an organometallic compound. 

1 0. The olefin poiymenzation catalyst of above 3 or 9, wherein the component (A) is the transition metal compound 
of above 1 to 7. 

11 . The olefin polymerization catalyst of above 3 or 9, wherein the component (B) is any of alkyialuminoxanes, 
boron compounds and phyllosilicic acid compounds. 

12. A method for olefin polymerization, which comprising polymerizing an olefin in the presence of the olefin po- 
lymerization catalyst of above 3 or 3. 

DETAILED (DESCRIPTION OF THE INVENTION 

[0008] The invention provides the above-mentioned transition metal compound, olefin polymerization catalyst and 
olefin polymerization method. The invention is described in detail hereinunder. 

1 . Transition Metal Compound: 

[0009] The transition metal compound of the invention is represented by the following formula (1 ): 



pounds. 



[ L ] MXi 




(1) 



( L ] MXn 




s 
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cobalt, palladium or nickel. L represents a hetero atom-containing hydrocarbon group, concretely including an oxygen- 
containing hydrocarbon group (alkoxy group, etc.). a nitrogen-containing hydrocarbon group (amino group, imino group 
etc.), a silicon-containing hydrocarton group (silyl group represented by -SiR 3 , etc.). etc. Preferably, it is a nitrogen - 
containing hydrocarbon group. X represents a covalent-bonding or ionic-bonding group, and a plurality of X's if any 
may be the same or different. Specific examples of X are a hydrogen atom, a halogen atom, a hydrccarbon group 
having from 1 to 20 (preferably from 1 to 10) carbon atoms, an alkoxy group having from 1 to 20 (preferably from 1 to 
1 0) carbon atoms, an amino group, a phosphorus-containing group having from 1 to 20 (preferably from 1 to 12) carbon 
atoms (e.g., diphenylphasphina group), a silicon-containing group having from 1 to 20 (preferably from 1 to 12) carbon 
atoms (e.g., trimethylsiryl or trirnethylsilylrnethyl group), and a halogen-containing baron anion (e.g., 3F 4 *). Of these 
preferred are a halogen atom, and a hydrocarbon group having from 1 to 20 carbon atoms. The halogen atom includes 
fluorine atom, chlorine atom, bromine atom and iodine atom. Of those, preferred is chlorine atom. Y indicates an aro- 
matic group-containing crosslinking group. Concretely, it is a divalent aromatic hydrocarbon group, such as an aryiene 
group having from 5 to 20 carbon atoms. The arylene group having from S to 20 carbon atoms includes, for example 
a phenylene group, a cclylene group, a xyiylene group, a naphthyiene group, a methylnaphthyiene group, etc. Z is an 
integer of 1 or more, indicating tie degree of polymerization of -he compound. Z may fail between i and 1GG0. but 
preferably between i and ] CO. more preferably between t and 1 0, and mas: preferably ; . n incicates :ne atomic vaiency 
of M, concretely 'ailing oetween 0 arc 3. 

[0011] In che trans. c:on.me?3l compound of the invent-on. it is desirable :nac[L| is recresented by the 'allowing general 
formula (2): 




wnerain R- to R 5 each independently represent a hydrogen atom, a ralcgen atom, a hydrocarbon group ."saving from 
1 :o 20 carbon atoms, a nalcgenohydrocarbon group having from 1 to 20 carbcn acorns, or a hetero atom-containing 
group, and :hese may be bonded :c each other to form a ring; R s represents a hydrogen atom, a hydrocarbon group 
having from 1 :o carbon atoms, a haiogenohycrccarbon group having from 1 to 40 carbcn atoms, or a hetero atom- 
containing grouo. 

[0012] in the formula, R 1 Co R 5 each Independently represent a hydrogen atom, a halcgen atom, a hydrocarbon 
group having from 1 co 20 carbon atoms, a halogenohydrocarbcn group having from 1 to 20 carbon atoms, or a hetero 
atom-containing group, and tnese may oe bonded to each other to form a ring. The halogen atom includes fluorine 
atom, chlonneatcm. bromine atom anc iocine atom. The hydrocaroon group having from 1 rc 20 carbon atoms includes, 
for example, a linear or branched aikyi group raving 'rem 1 co 30 carbcn atoms, a cycloai'<yl group having 'rem 3 to 
20 carbon atoms, an aryf group having from 5 to 20 carbon acorns, an aryialkyl group having from 7 co 20 carbon atoms, 
etc. Concretely, che linear or branched alky! group having from 1 to 20 carbon acorns includes a methyl group, an ethyl 
group, an n-prcpyl group, an isccropyl group, an n-cutyl group, an isobucyl group, a sec-butyl group, a cert-butyl group, 
all rypes of pentyl groups, all types of hexyi groups, all ?/pes 3f ocryl groups, all types of decyl groups, all cypes of 
tetradecyl groups, all rypes of hexadee/l groups, all types of octabecyi groups, etc. The cycloalkyl group having from 
3 co 20 carbon atoms incudes, for example, a cyclcpentyi group, acyclohexyl group, acyclooctyl group, eic. Tne ring 
of the cycloalkyl group may have some substituenc such as a lower alkyt group or the like introduced chereinto. The 
aryl group having from 5 to 20 carbon atoms includes, for example, 3 phenyl group, a tolyl group, a xylyl group, a 
naphthyl group, a methyinapnthyl group, ecc. The aryialkyl group having -rem 7 to 20 carbon atoms includes, for ex- 
ample, a benzyl group, a phenethyl group, etc. The halogenohycrocar^cn group having from ; to 20 carbon atoms is 
one formec by haiogenacing a hydrocarben group having frcm ' co 20 carcon atoms such as ihac mentioned above. 
[0013] The hetero atom-containing group includes, for example, -OR, -SR. and -NR 2 . R represents a hydrocarbon 
group having frcm 1 to 20 carbon atoms. For the hydrccarbon group having from 1 to 20 carbon atoms, referred co are 
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those mentioned hereinabove for the groups R 1 to R 3 . 

[0014] R 6 represents a hydrogen atom, a hydrocarbon group having from 1 to 40 carbon atoms, a haiogenohydro- 
carbon group having from 1 to 40 carbon atoms, or a hetero atom-containing group. For the hydrocarbon group having 
from 1 to 40 carbon atoms and the halo gen o hydrocarbon group having from 1 to 40 carbon atoms, referred to are 

5 those concretely mentioned hereinabove for the hydrocarbon group having from 1 to 20 carbon atoms and the halog- 
en o hydrocarbon group having from 1 to 20 carbon atoms. In addition to these, further mentioned are hydrocarbon 
groups of the above-mentioned hydrocarbon or haiogenohydrocarbon group having from 1 to 20 carbon atoms and 
having any of the above-mentioned, linear or branched aJkyl group havrngfrom 1 to 20 carbon atoms, cydoaikyl group 
having from 3 to 20 carborr atoms, aryl group having from 6 to 20 carbon atoms or arylalkyl group having from 7 to 20 

10 carbon atoms, bonded thereto. For the hetero atom-containing group, referred to are the same as those mentioned 
hereinabove. R s is preferably an aryl group having from 6 to 40 carbon atoms. Concretely, it includes a hydrocarbon 
group containing any of a phenyl group, a tolyl group, a xylyl group, a naphthyi group, a methylnaphthyl group, etc. 
Especially preferably, R 6 is a group represented by the following general formula: 

75 



20 



25 




wherein R2« to R 29 eacn independently represent a hydrogen atom; and R 25 is a methyl group, ethyl group or a hydrogen 
30 atom, as the compound is effective for inhibiting Che formation of heavy matters and waxy matters. 

[0015] In Che transition metal compound of the invention. [!_'] is preferably represented by the following general for- 
mula (3) : 



35 



40 



45 




(3) 



50 



55 



wherein R 7 to R 11 each indeoendently represent a hydrogen atom, a halogen atom, a hydrocarbon group having from 
1 to 20 carton atoms, a haiogenohydrocarbon group having from 1 to 20 carbon atoms, or a hetero atom<onta.n,ng 
group, and these may be bonded to each other to foim a ring. 

[0016] In the formula, R 7 to R" each independently represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms, a haiogenohydrocarbon group having from 1 to 20 carbon atoms, or a hetero 
atom-containing grouc, and these may be bonded to each other to form a ring. The halogen atom includes .luonne 
atom chlonne atom, bromine atom and iodine atom. For the hydrocarbon group having from 1 to 20 carbon atoms and 
the haiogenohydrocarbon group having from 1 to 20 carbon atoms, raferred to are rhosa mert.oned hereinabove ror 

the groups R 1 to 3 5 . , . . 

[001 7] Concretety, the transition metal compound of the invention induces the compounds or the acove-mentionec 
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general formula (4). 

[0018] In case where V in formula (4) is represented by the following genera) formula (5A) : 



10 




(5A) 



20 



25 



M. X : n. R 1 to RS and R s in cnat formula ;4) may nave :he same meanings as tncse in formulae (1) and (2). More 
.preferably, however. X in formula (4) is a monovalent anion, even more preferably selectee from a halogen atom and 
an alfcyt group. In formula (5A), R 12 :o R- 5 eacn independently represent a hydrogen atom, or a hydrocarbon -vouo 
having from 1 co 20 caroon atorrs. anc -hey may be toe same or different, "or the hydrocarbon groua having from 1 
to 20 carbon atoms, -eferred to are the same as :hose mentioned hereinabove. Preferably, in 'ormula ;'5A) R 12 and 
R T5 each are independently a hydrocarbon group having from 1 to 20 carbon atoms: and R 13 and R ' 4 are both hydrogen 
acorns. The transition metal compound or the preferred type ensures higher activity Also preferred is the .-roup of 
formula (5A) where R 12 to R ,3 are all methyl groups, as the transition metal compound of chat typaalso ansures higher 
activity. 

[001 9] In case where V in formula (4) is represented by the following general formula (53): 




M, X. n, R 1 to R 5 and R 6 in that formula (4) may have the same meanings as :hose mentioned hereinabove. More 
preferably, however, X in formula (4) is a monovalent anion, even mere prereraciy selected from a halogen atom and 
an alfcyl group. For the hydrccaroon group having from i co 20 carbon atoms for R 15 , R 17 , R 1 *. R20 322 3n( j 323 ; n 
formula (53), referred co are che same as ;hose mentioned hereinabove. Preferably, in formula (53), R 18 f R 17 R 19 , 
R 20 , R 22 and R 23 are all hydrogen atoms, and R 18 and R 21 each are a methyl or ethyl group. The transition metal 
compound of the preferred type gives a catalyst for a-olefin production., and :he cacaiyst ensures higher activity while 
retarding the formation of heavy matters and waxy matters. 

[0020] 3 represents -!R 2i 2 C)m-, -R 24 2 Si- t -0-, -3-, or-R^N-; and R 2A represents a hydrogen atom, or a hydrocarbon 
group having from 1 to 20 carbon atoms, For the hydrocarbon group having from 1 :o 20 carbon atoms, referred to are 
those mentioned hereinabove, m is an integer falling between 0 and 4. Ris anc j 323 $Tia y oe bonded to each other to 
form a ring, in case where m is 0, and R 16 and R 23 are bonded to each other via a methylene group therebetween.. 
Che formula (53) forms a flucrenyl ring. V in formuia (4) is preferably such a fluoreny! group or a substituted fluorenyl 
group, as the a-olefin production catalyst containing the :ransiticn metal compcunc of tne type retards the formation 
of sice products, heavy matters and waxy matters. 

[0021 ] Specific examples of -he transition metal compound of formula ( ' ) are menrioned below. 
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[COMPOUND 16] 
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[ COMPOUND 20 ] 
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[COMPOUND 30] 
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[COMPOUND 31 ! 
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[0022] Of these, preferred are the iron complexes and the cobalt complexes, as so mentioned hereinabove, but more 
preferred are the iron complexes. Also preferably, the transition metal compound is represented by the above-men- 
tioned general formula (4). in which R« is more preferably a phenyl group, or an alkylan/i group substituted by a lower 
alkyl group such as a methyl or ethyl group. 

[0023] The transition metal compound of ihe preferred type may be illustrated as follows: 




[0024] The above illustration is to show the right-side half of the formula (4). In this. R 12 may be R 22 as in (SB); and 
R« may be R 21 as in (53). In the compounds illustrated, the groups R' 3 , R 13 , R 2S and R» that are adjacent to the 
transition metal M often have some influences on the catalytic activity of the compounds. Specifically, the compounds 
where two of R 13 R 13 , R 23 and R» are lower alkyl groups and the other two thereof are hydrogen atoms can form 
catalysts having higher activity. On the other hand, theoompouncs where one of fl«, R 1 ', R 23 and R 2 » is a lower alkyl 
group and the Laming three of them are hydrogen atoms, or where these R«. R«. R 2S and R 29 are all nydrogen 
atoms can form catalysts favorable for a-olefin production, and the catalysts retard the formation of heavy matters and 
waxy matters. To that effect, the comoounds of the former type are preferred as ensuring higher a-olefin selectivity 
Concretely the transition confounds! Compound 3, Compound 27. Compound 23 and Compound 29 are preferred, 
as they can form catalysts nav'ing higher activity. Por catalysts capable of retarding the formation of heavy matters arc 
waxy matters preferred are the transition metal compounds. Compound 31 . Compound 34. Compound *6 and uom- 
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pound 4.7. Forcatalysts having higher activity and capable of retarding the formation of heavy matters and waxy matters 
preferred is the transition metal compound. Compound 30. 

[0025] The method for producing the transition metal compounds of formula (1) of the invention is not specifically 
defined. One example for producing the transition mecal compounds having a diimine ligand is described. For producing 
s the transition metal compounds of the invention having a ligand, diimino group, a ketone compound of the following 
general formula (3) anc an aniline compound of che following general formula (7) are reacted along with a phenylen- 
ediamine compound of the following general formula (8A) or a compound of the following general formula (88). In 
formula (7), R 25 to fl 29 each independently represent a hydrogen atom, a methyl group, an ethyl group or the like. 

10 



o o 




• • • (88) 
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[0026] In reacting these compounds, an organic acid such as forming acid or the like may be used as a catalyst. The 
ligand thus prepared is then reacted with a halide of a transition metal M (MX'n, where X 1 indicates a halogen atom) 
or its hydrate to give the transition metal compound of formula (1 ). 



2. Olefin Polymerization Catalyst: 

rO027I One type of the olefin polymerization catalyst of the invention comprises the following components (A) and 
(B) : (A) a transition metal compound that contains a transition metal of Groups a to 1 0 of the Periodic Table, at least 
two, hetero atom-containing hydrocarbon groups, and a crosslinking group; and (B) at least one compound selected 
from a compound group of (B-1 ) organoaluminium compounds, (B-2) ionic compounds capable of being converted into 
cationic transition metal compounds through reaction with the transition metal compound, (B-3) Lewis acids, and (3- 
4) clay, clay minerals and ion-exchanging layered compounds. 

[0028] Another type of the olefin polymerization catalyst of the invention comprises the following components (A), 
(8) and (C): (A) a transition metal compound that contains a transition metal of Groups 3 to 10 of the Periodic Table, 
at least two, hetero atom-containing hydrocarbon groups, and a crosslinking group; (S) at least one compound selected 
from a comoound group of(B-l ) organoaluminium compounds, (8-2) ionic compounds capable of being converted into 
cationic tra- 'ion metal compounds through reaction with the transition metal compound, (B-3) Lewis acids, and (3- 
4) clay, cla\ serais and ion-exchanging layered compounds: and (C) an organometallic compound. 
[0029] The constituent components are described below. 



Component (A) 



[0030] The component (A) is a transition metal compound that contains a transition metal of Groups 3 to 10 or the 
Periodic Table at least two. hetero atom-containing hydrocarbon groups, and a crosslinking group.The transition metal 
of Groups 3 to 1 0 of the Periodic Table is not specifically defined, preferably including iron, cobalt, palladium and nickel. 
The hetero atom-oonta.ning hydrocarbon group includes, for example, an oxygen-containing hydrocarbon group (e.g., 
alkoxy group -tc ) a nitrogen-containing hydrocarbon group (e.g.. amino group, imino group, etc.), a silicon^ontam.r g 
hydrocarbon group (e.g.. silyl group represented by -SiR 3 . etc.). Of these, preferred is a nitrogen-containing hydrocar- 
bon group The crosslinking group is not specifically defined, including, for axampie, a hetero atom<onta.n,ng grouo 
and a hydrocamon group. Of these, preferred is a hydrocarbon group, and more preferred is an aromatic group<on- 
taining crosslinking group. More concretely, the component (A) includes the transition metal compounds ment.oned 
hereinabove The component (A) may be a single transition metal compound of formula (1 ) mentioned above, or may 
also be a mixture of two or more such transition metal compounds that differ in the degree of polymenzat.on, Z. 



Component (3) 

[0031 1 The component (3) is at least one selected from the compound group of (3- : ) organoaluminium compounds, 
<3-') ionic comoounds capable of being converted into cationic transition metal compounds through reaction with .he 
transition metal comoound, (B-3) Lewis acids, and (3-4) clay, day minerals and ion-exenanging layered compounds. 

(3-1) Organoaluminium Compound 

[0032] The organoalumin.um compound for use herein includes alkyl group-containing aluminium compounds of the 
foilowing general formula (9): 

fl 30 m AI(OR 30 ) n X 2 3. m . n (9) 

wherein X™ represents an alky, group having from Ho 3. preferab* from 1 to 4 carbon atoms, and a plurjyof H»j. 
if any, may be the same or different; X* represents a hydrogen atom or a halogen atom; 0 < m 5 3, but pref.rao.y m 
2or3 most preferably 3; 0<n< 3, but preferably mis O or 1; and 0<m + n< 3. „„„.„,. , om , u la(10)- 

[0033] The organoaluminium compound further inc.udes linear aluminoxanes of the following general formu.a ( 0). 
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R 3 ' 



("AJ-04- 



-ai; 



R 3i 



(10) 



131 



wherein R 31 represents a hydrocarbon group, such as an alkyl, alkenyl, aryl orarylalkyl group having from 1 to 
20, preferably from 1 to 12 carbon atoms, or a halogen atom; w indicates a mean degree of polymerization of the 
compound, and is an integer generally falling between 2 and 50, preferably between 2 and 4G; and R3 1 's may be the 
same or different, 

and cyclic alumincxanes of the following general formula (11) : 




(11) 



wherein R 3 • and w have :he same meanings as in formula (?G). 
[0034] For producing the aluminoxanes, an alkylaiuminium may be contacted with a condensing agent such as water 
or the like. The method is not specifically defined, and may be effected in any ordinary manner, For this, for example. 
<1> an organoaluminium compound is dissolved in an organic solvent and then contacted with water; <2> an orga- 
noaluminium compound is made prasant in the polymerization system, and water is added to the polymer formed; <j> 
crystal water existing in metal salts and :ne like, or water having adsorbed to inorganic or organic matters is applied 
to and reacted with an crgancaluminium comcound; <4> a retraalkyldiaiumincxane is reacted with a triaikylaluminium. 
and then with water. 

[0035] The aluminoxanes may be soluble or insoluble in hydrocarbon sciverts. Preferably, hcwever, they are soluble 
in hydrocarbon solvents, and have a residual organoaluminium compound content of at most 1 0 % by weight measured 
through 1 H-NMR. More preferably, they have a residual organoaluminium compound content of from 3 to 5 % by weight 
or smaller, even more preferably from 2 to 4 % by weight or smaller, if the residual organoaluminium compound content 
thereof is larger than 1 0 % by weight, the aluminoxane will lower the polymerization activity of the catalyst comprising. 
[0036] To obtain the preferred aluminoxanes, for example, employable is a so-called dry -up method that comprises 
dissolving an ordinary aluminoxane in a solvent followed by crying up the resulting aluminoxane solution under heat 
under reduced pressure to remove ;he soivent. 

[0037] For removing the matters insoluble in hycrocarbon solvents frcm aluminoxanes, for example, *he insoiubie 
matters are spontaneously precipitated in an aluminoxane solution in a hycrocarbon solvent and then removed from 
the solution through decantation. Alternatively, the insoiuole matters may also be removed through centrifugation or 
the iike. With that, the solubilized component thus recovered is filtered through a G5 glass filter or the like in a nitrogen 
atmosphere. The method is preferable as it ensures complete removal of :he insoluble matters. The aluminoxanes 
thus prepared will often gel when stored for long. Therefore, it is desirable ;hat they are used in the invention within 
48 hours after their preparation. More preferably, "hey are used immediately after their preparation. The proportion of 
the aluminoxane to the hydrocarbon scivent in wnich it is processed is not specifically defined, but it is desirable that 
the aJuminoxane concentration in the hydrocarbon soivent falls between 0.5 and 10 mols, in terms of the aluminium 
atom, in one liter of the hydrocarbon solvent. 

[0038] The hydrocarbon solvent includes, for example, aromatic hydrocarbons such as benzene, toluene, xyiene, 
cumene, cymene, etc.; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, dodecane. hexa- 
decane, octadecane, etc.; alicyciic hydrocarbons such as cyclopentane : cyciohexane, cyciooctane; methylcyclopen- 
tane, etc.; petroleum fractions such as naphtha, kerosene, light gas oil, ate. 

[0039] For the aluminoxane for use herein, preferred are alkylaluminoxanes such as methylaluminoxane. ethylaiu- 
minoxane, isobutylaluminoxane, etc. Of these, more preferred is methylaluminoxane. One or more of these aluminox- 
anes may be used either singly or as combined, and aluminoxanes having different alky! groups (e.g., methyl group 
and isobutyl grouo) are also usable herein. 
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(8-2) Ionic Compound: 

[0040] Any ionic compound capable of being converted into cationic transition metal compounds through reaction 
with the transition metal compound is employable herein. Especially preferred for use herein are compounds of the 
following general formulae (12) and (13), as being able to efficiently form polymerization-active points. 

([L 1 -fl^l%(|Z]> (12) 



([L a r)attZT)b (13) 



wherein 



L 2 represents VI 1 , R^R^M 2 , R M 3 C or R 36 M 2 ; 
L 1 represents a Lewis base; 
' [Z]* represents a non-coordinating anion [Z 1 ]~ or [Z 2 ]'; 
[Z 1 ]" represents an anion of a plurality of groups bonded to an element. [.VPG 1 G 2 ...G f ]~; 

M 3 represents an element of Groups 5 to 15 cf the Periodic Table., preferably an element of Groups 13 to 15 of 
the Pehocic Table; G 1 to G f each represents a hydrogen atom, a halogen atom, an alky I group having from 1 to 
20 carbon atoms, a dialkyiamino group having from 2 to 40 carbon atoms, an alkoxy group having from 1 to 20 
carbon atoms, an aryl group having from 6 to 20 carbon atoms, an aryloxy group having from 5 to 20 carbon atoms, 
an alkyiaryl group having from 7 to 40 carbon atoms, an arylalkyl group having from 7 to 40 carbon atoms, a 
halogen-substituted hydrocarbon group having from 1 to 20 carbon atoms, an acyloxy group having from 1 to 20 
carbon atoms, an organomecalloid group, or a hetero atom-containing hydrocarbon group having from 2 to 20 
carbon atoms; and at least two of G 1 to G f may form a ring; 
f is an integer, indicating {(atomic valency or the center metal M 3 ) -hi]; 

[Z 2 ]* represents a conjugated base of a single 3ronsted acid of which the logarithm of the reciprocal of the acid 
dissociation constant (pKa) is at most -10, or of a combination of such a 3ransted acid and a Lewis acid, or 
represents a conjugated base of an ordinary ultra-strong acid, and optionally, this may be coordinated with a Lewis 
base; 

R 32 represents a hydrogen atom, an alky I group having from 1 to 20 carbon atoms, an aryl group having frsm 5 
to 20 carbon atoms, an alkyiaryl group, or an arylalkyl group; 

R 33 and R 3* eaC h represent a cyclopentadienyl group, a substituted cyclopentadienyl group, an indenyl group, or 
a fluorenyf group; 

R 35 represents an alkyl group having from 1 to 20 carbon atoms, an aryl group, an alkyiaryl group, or an arylalkyl 
group; 

R 3 * represents a macrocyclic ligand such as tetraphenylpcrphynn, phthalocyanine or the like; 
h is an integer of from 1 to 3. indicating the ionic valency of [U-R 32 ] or [L 2 ]; 
a is an integer of at least 1 ; 
b = (h ;< a) ; 

VI 1 represents an element of Groups 1 to 3, 11 to 13 and 1 7 of the Periodic Table; and 
M 2 represents an element of Groups 7 to 12 of the Periodic Table. 

[0041] Specrfic examoles of U are amines such as ammonia, methylamine, aniline, dimethylamine, diet hy lam. n;-: 
N-methyianiline, diphenylamine, N.N-dimethyianiline, trimethylamine, triethylamine, tri-n-butylam.ne, methylene- 
nylamine pyridine p-bromo-N.N-dimethylaniline, p-nrtro-N,N-dimethy!aniline, etc.; phosph.nes such as tnethylpnos- 
phine, triphenylphosohine ! diphenylphosphine, etc.; thioethers such as tetrahydrothiophene, etc.; esters such as ethyl 
benzoate, etc.; nitriles such as acetonitrile, benzonitrile, etc. 

[0042] Specrfic examples of R 32 are a hydrogen atom, a methyl group, an ethyl group, a benzyl group, a trrtyl group, 
etc Specific examples of R 33 and R 3 * are a cyclopentadienyl group, a methytoyclopentadienyl group, an ethylcyclopen- 
tad'ienyl group, a pentamethylcyclopentadienyl group, etc. Specific examples of R 35 are a phenyl group, a p-tolyl group., 
a p-methoxyphenyl group, etc. Specific examples of R 36 are tetraphenylporphine, phthalocyanine, methallyl. etc. spe- 
cific examples of M 1 are Li, Na, K, Ag, Cu, 3r, I, etc. Specrfic examples of ,M 2 are Mn, Fe, Co Ni Zn, eft 
[0043] in [ZM- indicating [M 3 G'G 2 ..Ghf, ^ includes 3. A«. Si. P. As, 3b : etc., but is preferably 3 or Al. .pec.fc 
examples of the diaikylam.no group for G\ G 2 to G f are a dimethylamino group, a diethylam.no group. 
the alkoxy grouo and the aryioxy group are a methoxy group, an ethcxy group, an n-butoxy group, a pnenoxy a rouo. 



24 



EP 1 229 020 A1 



etc.; those of the hydrocarbon group are a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n- 
butyl group, an isoburyl group, an n-octyl group, an n-eicosyl group, a phenyl group, a p-tolyl group, a benzyl group, 
a 4-t-burylphenyl group, a 3.5-dimethylphenyl group, ate; those of the haJogen atom are fluorine, chlorine, bromine 
and iodine atoms: those of the hetero atom<ontaining hydrocarbon group are a p-fluorophenyl group, a 3,5-difluor- 
ophenyl group, a pentafluorophenyl group, a 3,4,5-trifluoraphenyt graup.a 3,5-bis(triflucrometnyl)phenyl group, a bis 
(trimethytsilyl)methyf group, etc.; these of the organometalloid group are a pentamethyfantimonyl group, a trimethylsilyl 
group, a trimethylgemiyl group, a diphenylarsenyl group, a dicycloheoyiantimonyi group, a diphenylboryl group, etc 
[00441 Specific examples of the non-coordinating anion, (7?]* that indicates a conjugated base of a single Bransted 
acid having pKa of at most -1 0, or of a combination of such a Bransted acid and a Lewis add are a trrfluoromethanesul- 
fonate anion (CF3SO3)*, a bis(trtfluoromethanesulfonyl)methyl anion, a bis<triflucrorneth.anesulfonyl)benzyl anion, a 
bis(trifluoromethanesutfonyl)amido anion, a perchlcrate anion (CIO a tnfluoro acetate anion {Cf 2 CO^y, a hexafluor- 
oantimonyl anion (Sbr-)-. a fluorosulfonare anion (FS0 3 )*, a chlorosulfonate anion (CtS0 3 y, a fluorosutfonate/hex- 
afluoroantimonyl anicn (F5CWSbF s )-, a fluorcsulfonate/hexafluoroarsenyl anion (FSC 3 /AsF 5 )* ( a thfluoromethanesul- 
fonate/hexafluorcantimonyl anion (CF 3 SCySbF 3 )* l etc. 

[0045] Specific examples of Che compounds 'or the component (3-2) are rietfiy (ammonium •ecraphenylborace, Eri-n- 
bucyi ammonium :ecra3heny!fcorate. crimethy 'ammonium tetrap h en ylb orate, "etraethyiammonium tetrachenyiborate. 
m3thyi(tri«n-butyl)ammcniLm' cet-apnehytborate. benzyl (tri-n -butyl) ammonium reeraphenyibcrate, cimethyldpheny- 
lammomum tetraoheny: borate, utpnenyl(metryl)ammonium tetrachenyiborate, trmethyianiiinium tetrapnenyiborate, 
methyicyricinium tetrapnenyiborate. benzylpyricinium tetrapnenyiborate. methyi(2-cyanopyndinium) lecrapnenyibo- 
race. triethylammcniurT: ;etrakistpentajluorochenyi)bcrate, tri-n-butytammonium. tetrakis(pentarlucraphenyl)borace, 
tho "n en yi ammonium tetrakisJpentaf'lucrophenyObarate, tetra-n-butyiammonium tetrakis(pentafluorophenyl)borate, 
cecraethy l ammo nium :etrakis(pentafluorcpnenyl)borace, benzyi(:ri-n-buryl)arnmonum tetrakistpentafluorcphenylVco- 
race, methyldiphenyiammonium :etrakis(pentafluoropheny!)borate, tnpnerryl(methyl)ammonium tetrakis(pentafluor- 
ophenyl)borate, methylanilinium :etrakis(pentaf!uorophenyl)borata, dimethylanilinium cetrakis(pencarluorophenyl)bo- 
rata, trim ethyl anil in ium te{rakis(pentaf!uorophenyl)borate. methyipyridinium :atrakis(pentafluQroohenyi)berate. ben- 
zylpyridinium :a[rak;s(pentafluarcchenyl)bcrata, methyl (2-cyanopyndinium) tetrakis(pemafluoroprtenyl)borate. benzyl 
(2-cyanopyridinium) ;etrakis(pentafluorophenyl)borate. methyl(4-cyanopyridinium) retrak:s(pentafluorapnenyl)borate, 
tn'phenylphosphonium tetrakis(pentafluorophenyl)borate. dimethylanilinium tatrakisfbis(3.5-di:rrfluoromethyl)phenyl] 
borate, ferrocenium tetrapnenyiborate, silver tetrapnenyiborate. thtyl tetraphenylborate, "etrapnenylporphyrylmanga- 
nese tetraphenylborate. lerrocenium tetrakis(pentafluorcphenyl)borate, (KV-dimethylferracenium) tetrakis(pentaflucr- 
ophenyOborate, decame thy (ferrocenium cetrak;s(pentafluorcphenyl)borate. silver tetrak;s(pentaf!ucrcpr!enyl)bcrate. 
triryt cetrakis(pentarluorcphenyl)borate, lithium tetrakis(pentafIuorc?henyl)borat9. sodium tetrakis(pentafluorcphenyi) 
borate, tetraphenyiporphyrylmanganese :etrakis(pentafluorophenyl)borate, silver tetrafluoroborate, silver hexafluoro- 
phosphate, silver hexarluoroarsenate, silver perchlorate, si iver trifluoro acetate, silver cnfluoromechanesulfonace, etc. 
For the component (3-2). especially preferred are boron compounds. 



(3-3) Lewis Acid 



[0046] Lewis acids for the comoonent (3-3) are not specifically defined, and may be organic compounds and solid 
inorganic compounds. Preferred organic compounds are boron compounds and aluminium compounds, and preferred 
inorganic compounds are magnesium compounds and aluminium compounds, as they can effectively form active 
points, ^ne aluminium compounds include, for example. bis(2.5-ci-r-butyl-i-methylphenoxy)methylaluminium, (1,V- 
bis-2-naphthoxy)methylaluminium, etc.; the magnesium compounds include, for example, magnesium chloride, di- 
ethoxymagnesium, etc.; the aluminium compounds include, for example, aluminium oxide, aluminium chloride, etc.; 
the boron compounds include, for examcie. criphenyiboron, ■ris(pentafluorcphenyl)coron 1 tris(3.5-bis(trifluorcmethyl) 
phenyljboron, :ris((4-fiuororr,echyi)phenyl]borcn, trimethylboron, triethylboron, tri-n-butyiborcn, trisifluoromethyOboron, 
tris(pentafluoroethyl)boron, ths(nonafluorobutyl)borcn, tris(2,4 t 5-(rifluorophenyl)boron, Lris(3,5-difluorophenyl)boron, 
tris(3.5-bis(trifluoromechyl)chenyl]boron, bis(pentafluorophenyl)fluoroboron. diphenylfluoroboron, cis(pentafluorophe- 
nyi)chloroboron, dimethyrfluoroboron, diethylrluoroboron, di-n-butyifluoroboron, pentafluorcpnenyldiflucroboron, phe- 
nyldrfluoroboron, pentafluoropnenyldichloroboron, methyldifluoroboron, ethyldlfluorcboron, n-butyldifluoroboron, etc. 
One or more of these Lewis acids may be used herein either singly or as combined. 

(3-4) Clay. Clay Mineral and Ion-exchanging Layered Compound 

[0047] Clay is an aggregate of fine hycrous silicate minerals, it is plastic when kneaded with a suitable amount of 
water, and is n'gid when dried. When baked at high temperatures, it is sintered. Clay minerals are hydrous silicates 
which are the essential components constituting clay. !n preparing the olefin polymerization catalyst, usable is any or 
such clay and clay minerals, and these may be natural ones or synthetic products. 



25 



BP 1 229 020 A1 



[00481 Ion-exchanging layered compounds for the catalyst are characterized by the crystal structure of such that a 
plurality of crystal planes are laminated in parallel with each other via weak ion-bonding therebetween, in which the 
ions are exchangeable. Some clay minerals are such ion-exchanging layered compounds. 

[0049] Specific examples of the component (B-4) are mentioned. For example, phyllosilicic acid compounds belong 
to clay minerals Phyllosilicic acid compounds include phyllosilicic acid and phyllcsilicates. As natural phyllosilicates, 
known are montmorillonite. saponite and hectorite of the smectite family; illite and sericite of the mica family; and mixed 
layer minerals of smectites and micas, or those of micas and vermiculites. As synthetic products, known arefluorotet- 
rasilicon mica, laponite, smectone, etc Also mentioned are ion-exchanging crystalline compounds having a layered 
crystal structure, such as a-ZrlHPO^, rZrfHPO^, a-TKHPO.O* y-TKHPO^. etc. These are not clay minerals. 
[0050] Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds include clay 
having a low montmorillonite content and referred to as bentonite; kibushi day containing montmorillonite and many 
other components; gairome clay; seoiolite and palygorskite having a fibrous morphology; and amorphous or low-crys- 
talline allophane, imogolite, etc. Of these mentioned herein, preferred for the component (3-4) are clay and clay min- 
erals. Concretely, phyllosilicic acid compounds are preferred; smectite is more preferred; and montmorillonite is even 
more preferred. 

[0051 1 Preferably clay, clay minerals and ion^xchanging layered compounds for the component (B^) have a vol- 
ume-average particle size of at most 1 0 urn, more preferably at most 3.0 urn. As a rule, particles have a particle size 
distribution. For their oarticle size distribution, preferably, clay, clay minerals and ion^xchanging layered compounds 
for the comoonent (3-4) have a volume-average panicle size of at most 10 urn and the particles thereof having a 
volume-average oarticle size of at most 3.0 urn account for at least 10 % by weight of the component (3-4). More 
preferably, the comoounds for the component (B-4) have a volume-average particle size of at most 10 urn and the 
particles thereof having a volume-average particle size of at most 1 .5 um account for at least 1 0 % by we.ght of the 
component (3-4) For measuring the volume-average oarticle size and the particle size distribution of the compounds 
for the component (3-4). for example, used is an apparatus for measuring the size of particles from the layer ray 
transmittance through theoarticles (for example, GALAI Production's CIS-1). 

[0052] For the comoonent (B-4), it is desirable that clay, clay minerals and ion-exchanging layered compounds are 
chemically treated for the purpose of removing impurities from them or for modifying their structures and functions to 
those mora preferred for catalytic ingredients. 

[0053] For example, the compounds may be processed with an organosilane compound. The organos.lane com- 
pound includes those of the following general formula (14): 



R 37 „3iX> d*) 



n 



wher-in W represents a substituent in which the atom directly bonding to the silicon atom is a carbon, stan or 
hydrogen atom - reoresents a substituent in which the atom directly bonding to the silicon atom is a halogen, oxygen 
or nitrogen atom; a plurality of FF's and X*s, if any, may be the same or different; n indicates an integer of from to 3. 
[0054] The organosilane compound further includes b-s-silyl compounds of the following general formula (1o): 

X 3 ^Si(CH,) m Six\ n (15) 

wherein X^ represents a substituent in when the atom directly bonding to the silicon atom is a halogen, oxygen 
or nitrogen atom, and a plurality of X*s. if any, may be the same or different: m indicates from 1 to 1 0; and n md.cates 
from 1 to 3, 

and also polycyclic polysiloxanes, polysilazanes, etc. 

[0055] Specific examoles of the organosilane compounds of above formulae are trialkyls.lyl chlondes such as n- 
methylsi.yl ch.oride, triethy.sily. chloride, tnisopropylsilyl chloride, t-butyldimethylsilyl chloride, t .butyld.p lenylsrtyl chlo- 
ride, pbenethy.dimethylsilyl chloride, etc, dialkylsilyl bichlorides, diaryisi.y. dichlorides and a ,kylaryls,lyl d,cn.ordes 
such as dime«hy.s,lyl dichloride, diethylsilyl dichloride. diisopropylsilyl dichloride, di-n-hexyls.lyl d-chlonde, *eyctohex- 
ylsilyl dichloride, docosylmethylsilyl dichloride, bis(phenethyl)silyl dichloride, methy.phenethy.s.lyl d.chlonde, dipne- 
nylsilyl dichloride. dimesitylsilyl dichloride, ditolylsilyl dichloride, etc. 

[0056] Also usable herein are other silyl halides to be derived from the above-mentioned compounds by sub trtuhng 
he oh oride mo.ery therein with any other halogens: disilazanes such as b l s(trimethylsilyl)am 1 de, b,s tn thy Is y am e, 
is(triisopropy,siWam"e, b,s(dime t hyieth y ls„y,)am l de, bis(diethy,methylsi.yO amide, ^«^^^hX 
bis dimeChylto,y,sily.)amide, b,s(dimethylmenthy !S ,l y l)amide. etc, trialkyls.lyl hydroxys such as "^^^ 
ide triethylsily. hydroxide, triisopropylsily. hydroxide, tertbutyldimethylsilyl hydrox.de, P henethyld,methyls,lyl hydrox.de. 
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etc.; polysilanols generally known as peralkylpolysiloxypolyols; bissilyis such as 3is(methyldichlorosiryl)methane 
1.2-bis(methyldichlorosiiyl)ethane, bis(methy1dichlorosilyl)octane, bis(triethoxysilyl)ethane. etc.: silane hydrides such 
as dimethyichlorosilane. (N,N-dimethy!arnino)dimethylsilane f diisobutyicHarosilane, etc. One or more of these orga- 
nosilane compounds may be used herein either singly or as combined. 

[0057] Of the organosilane compounds, preferred are those having at leas: one alkyl group directly bonding to the 
silicon atom. Favorably used are alkylsilyl halides, more favorably dialkytsifyl haJides. Treatment with such an orga- 
nosilane compound is preferably effected in the presence of water to ensure better results. In that case, water breaks 
the crystal structure (especially the layered crystal structure) of clay and others, thereby enhancing the contact effi- 
ciency between the organosiianecompoundandthe thus-broken day and others. Specifically, water expands the layer- 
to-layer spaces in the crystal structure of day and others, thereby promoting the diffusion of an organosilane compound 
into the layered crystals. The treatment of the compounds for the component (3-4) with such an organosilane compound 
to aregsre organosilane -treated compounds for the component (3-4) is described concretely. First, water is added to 
the component (B-4) to prepare an aqueous colloidal solution o f the component (B-i). Next, an organosilane compound 
such as that mentioned above is added to the thus-prepared, aqueous colloidal solution of the component (3-4), and 
? 5 stirred under heat, whereby Che component (3-*) is processec with the organcsilane compound. This treatment may 
be effected at rocm temperature to 2C0°C Preferably, it is effected at a temperature araund 100°C at wnich it will be 
facilitated. The treatment time will van/, depending an the typeof the component -3-4) to be treated and on me treatment 
temperature, but may fail between 0.5 and 24 hours. 

[0053] The amount of the organosilane compound to be used for creating the component (3-4) may fall between 
& O.QC: and 1000 mois, but preferably between 0.01 and 100 mcls, in terms of the silicon atom in the organosilane 
compound, per kg of the component (3-~). 

[0059] One or mere of the comoounds mentioned above may be -sed either singly or as combined, for the component 
(3-4). 

[0060] The proportion of the components (A) and (3) of the polymerization cataiyst of the invention is described, in 
25 case where the compound (3-1 ) is used for the component (8), :he molar ratio of the two components preferably falls 
becween 1/1 and 1/1 OOCOCO, more preferably between 1/10 and 1/1 CCOO; in case where the compound (3-2) is used, 
the molar ratio preferably falls between 1071 and 1/100, more preferably between 2/1 and 1/10; and in case where the 
compound (3-3) is used, the molar ratio preferably falls between 1 0/1 and 1/200. mora preferably between 5/1 and 
1/100. even more preferably between 2/1 and 1/50. In case where the compound (3-4) is used for the component (3), 
-•0 the amount of the component (A) snail fall generally between 0.01 and 100 mmols, but preferably between 0.1 and 1 
mmol. relative to the unit weight (g) of the compound (3-4). !t is desirable "hat :he compound (3-4) for the component 
(8) is ore-treated with the organometallic compound (C) to be mentioned heretnunder, especially with an organoalu- 
minium compound. In general, the amount of the component (C) will fall between 0.1 and 1000 mmols, preferably 
between 1 and 1 00 mmols, relative to the unit weight (g) of the compound (8-4). However, even though an excessive 
25 amount of the component (C) is used for treating the compound (3-4), it may be removed from the system by washing 
the suspension slum/ of clay and others with a solvent. 

[0061] One or more of the compounds (3-1). (3-2), (3-3) and (3-4) may be used herein either singly or as combined. 



(C) Orqancmecailic Compound 

[0062] The olefin pc;yrnerization catalyst of the invention may optionally contain an organometallic compound (C). 
[0063] For the organometallic compound for the component (C), usable are organozinc compounds and organoalu- 
minium compounds, but preferred are inexpensive and easily-available brganoaiuminium compounds. Concretely men- 
tioned for the component (C) are trialkylaluminiums such as trimethylaluminium, tnethylaluminium. tripropylaluminium, 
J * triisobur/laluminium, tri-terc-butyialuminium. etc.; halogen- or alkoxy group-containing aikylaluminiums such as dimeth- 
ylaiuminium chloride, diethylaluminium chlonde. dimethylaluminium rnethoxice. diethylaluminium ethoxide. etc.; alu- 
moxanes such as methylalumoxane, ethylaiumoxane, isobutylalurnoxane, etc. Of those, especially preferred are tri- 
alkylaluminiums. 

[0064] The ratio by mol of the catalyst component (C) co the cataiyst component (A) may fall between 0.1 and 10000, 

*° preferably between 1 and 2000, more preferably between 10 and 1C00. 

[0065] The treatment of contacting the components [ A) : (3) and (C) with each other is preferably effected in an inert 
gas stream of argon, nitrogen or the like. Also preferably it is effected in a hydrocarbon solvent such as pentane, 
hexane. heptane, toluene, xylene or the like. Still preferably, the treatment is affected in the absence of water and other 
active hydrogen-containing compounds such as those having a hydroxyl group, an amino group or the like chat are 

55 harmful :o thecatalyst to be prepared from che components, ror this, it is desirable that water and other active hydrogen- 
containing compounds are removed from the reaction system by the use of :he component (C). Accordingly, it is ce- 
sirable that the catalyst of the invention is prepared by contacting ihe components (A), (3) and (C) with each other. It 
is not always necessan/ that the component (C) is present in the system cf preparing the catalyst, but. as the case 
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i£ may be, the component (C) may be added to the polymerization system of olefins. The temperature at which the catalyst 

'fg components are contacted with each other may fall between room temperature and the boiling point of the solvent used. 

3. Olefin Polymerization Method: 

5 

[0066] In the olefin polymerization method of the invention, olefins are polymerized in the presence of the catalyst 
mentioned above, optionally along with the component (C). The olefins include oolefins such as ethylene, propylene, 
butene-t, actene-t, eta Preferably, ethylene is polymerized The mode of polymerization is not specifically defined, 
including! for example, solution reaction to be effected in a solvent, liquid-phase non-solvent reaction to be effected 

10 substantially in the absence of a solvent, vapor-phase reaction, etc. In the invention, any of those methods is employ- 
able. The reaction may be in any mode of continuous reaction or batch reaction. The solvent, if used, may be a hydro- 
carbon solvent such as pentane, hexane, heptane, cydohexane, benzene, toluene, etc. One ormore of these solvents 
may be used either singly or as combined. Regarding the amount of the catalyst to be used in the reaction in the 
presence of such a solvent, it is desirable that the amount of the component (A) falls generally between 0.1 and 1C0 

is umols, but preferably between 1 and 20 umois in one liter of the solvent, in view of the reaction activity. The reaction 
condition is not specifically defined. The reaction temperature may fall generally between -73 and 200°C, but preferably 
between room temperature and 15C°C. The olefin pressure in the reaction system may fall generally between normal 
pressure and 1 5 MPa", but preferably between normal pressure and 3 MPa, more preferably between normal pressure 
■ and 5 MPa. The molecular weight of the product to be produced through the reaction may be controlled in any known 

20 manner, for example, by suitably changing the reaction temperature or pressure. According to the method of the in- 
£^ vention," inexpensively produced are polyclefins having a molecular waignt of over 1 0,000, and vinyl-terminated linear 

a-olefins (referred to as oligomers) having a molecular weight of not larger than 1 0,000. The polyolefins and oligomers 
produced can be molded into various articles, or can be used for producing synthetic lubricant oils, detergents, etc. 
[0067] The invention is described concretely with reference to the following Examples, which, however are not what- 

25 soever intended to restrict the scope of the invention. 

[00631 First described are the methods for analyzing the products produced through ethylene polymerization. The 
solid product produced is taken out through filtration, then dried at 12C°C for 12 hours, and thereafter weighed. T>ie 
product which is gaseous at room temperature or the product soluble in a solvent is analyzed for its composition a.d 
purity through gas chromatography in the manner mentioned below. 
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(1) Composition Analysis: 



[0069] The product is analyzed through gas chromatography with Shimadzu's GC-1 4A Model equipped with an FID 
detector The column is GL Science's TC-1 (length: 15 m, inner diameter 0.53 mm, film thickness 1 .5 am). The earner 
35 gas is He The temperature program is as follows: The sample charged into the column is kept at 40°C for 5 minutes, 
then heated up to 320°C at a heating rate of 1 0«C/min. and then kept at the elevated temperature for 1 0 minutes. The 
injector and the detector are both kept at 320°C. As so described in Examples, the internal standard is undecane. 



(2) Analysis for Purity: 



40 



[0070] The product is analyzed through gas chromatography with Shimadzu's GC-1 4A Model equipped with an FID 
detector The column is Hewlett-Packard's Uftra-2 (length: 25 m, inner diameter 0.20 mm, film thickness 0.33 urn). The 
carrier gas is He The make-up gas is nitrogen. The temperature program is as follows: The sample charged into the 
column is heated from 90"C up to 20G°C at a heating rate of 1.5'C/min, then immediately heated up to 200«C at a 
45 heating rate of 8°C/min, and then kept at the elevated temperature for 70 minutes. The injector and the detector are 
both kept at 270°C. 

[0071 ] The Cx purity (x is the number of carbons constituting the Cx fraction of the product) indicates the propcrt.on 
(% by weight) of the normal-T -olefin existing in the Cx fraction of the product. 

so -[Example 1] Preparation of Compound 3 

(1) Ligand Preparation: 

[0072] 1 00 ml of methanol, 1 .63 g of 2,6-diacetylpyridine (molecular weight 1 63.1 3; 10 mmols), 4.84 9 of 2 > d ^ h ; 
55 ylaniline (molecular weight 121.18: 40 mmols) and 330 mg of 2,5-dimethyt-1 Aphenylenediamme molecular "*S« 
136 20; 5 mmols) were put into a 300 ml flask, and thoroughly stirred to prepare a homogenous mixture. Oo ml oi 
formic acid was added to this, and further the mixture was stirred for 1 2 hours to make me ccm P oun ^^;2; r 0 ^ 
oleteiy The resulting oale yellow crystal was taken out through filtration, washed with methanol, and dnec 
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duced pressure. Its ! H-NMfl spectrum was assigned as the following product (molecular weight 332.35; 1.46 g, 2 3 
mmols, yield 46 %). 

'H-NMR [90 MHz. solvent: COCLj. based on tetramethylsilane (5 0.00)]: 

3 




2S (2) Complex Preparation: 
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[0073] Next, a tecrahydrofuran solution (20 ml) of the ligand zracarsd herein (molecular weight 332.35; 533 mg, 1 .0 
mmci), and a tecrahydrofuran solution (20 ml) of 'errous (II) chloride tetrahydrate (formula weight 198.3* ; 437 mg, 2.2 
mmols) were mixed : n a 1C0 ml Schlenk tube and reacted for 1 2 nours in a nitrogen atmosphere. The resulting cluish 
violet solid was taken out through filtration, washed with tecrahydrofuran , and dried under reduced pressure. Thus was 
obtained che following complex. Compound 3 (molecular weight 386.35; 335 mg, 1 .0 mmol, yield 100 %). 
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(COMPOUND 3) 



[Example 2] Ethylene Polymerization 

[0074] 250 ml of toluene and 0.5 ml of a toluene solution of polymethylaluminoxane (from Toso-Akzo, having a con- 
a cencration of 1 mmol/ml) were put into a 1 liter autoclave, and 0.25 ml of a :oluene suspension of Compound 3 (con- 
centration: 1 umol/ml) prepared in Example 1 was added thereto. 10 g of an internal standard, n-undecane was added 
thereto, and heated up to 50°C. After this was heated, ethylene was continuously introduced thereinto with its pressure 
being kept at 1 .0 MPa. and reacted at 50°C for 30 minutes. Next, an aqueous solution of sodium hydroxide (1 mol/ 
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liter) was added to the system to stop the reaction. 

[0075] After the reaction the autoclave was degassed, and the total volume of the gaseous component was measured 
with a wet flow meter The gaseous component was analyzed to quantify the constituent components through gas 
chromatography The a-olefin in the solution was quantitatively analyzed through gas chromatography using n-unde- 
caneas the internal standard. The solid was taken out through filtration, dried at 120-C for 1 2 hours, and then quantified. 
As a result, the overall weight of the product was 1 38 g. The oligomerization activity per the iron metal was 9870 kg/ 
g-Fe-hr. The data of the composition analysis and the purity analysis of the product made according to the methods 
mentioned above are given in Table 1 andTable 2. In these Tables, Cx indicates the fraction having acamon number, 
x. C*2o indcates the fraction having 20 or more cartoon atoms. The heavy component is the solid polymer formed by 
polymerization. 

[Example 3] Preparation of Compound 27 
[0076] 




CI CI Me 



Compound 27 



(1) Ligand Preparation: 

[0077] 1 00 ml of methanol, 1 9.3 g of 2.5-diacetylpyridine (molecular weight 1 33. 1 3; 1 20 mmols) and 55.9 g of aniline 
molecular we,ght 93.13; 300 mmols) were put into a 300 ml flask, and thoroughly stirred to prepare a hor^i 
mixture. 0 .8 ml of formic acid was added to this, and further the mixture was snrred at room temperature for 12 hours 
to make the compounds reacted completely The resulting yellow crysta. was taken out through f ft. .on washed wrth 
methanol, and dned under reduced pressure to obtain 34.5 g of 2,6-diacetylpyridine-diphenyl.m.ne (molecular weignt 

313.40; 110 mmols, yield 91 %). „ 
[0078] 1 GO ml of tetrahydrofuran, 8.3 g (20 mmols) of 2.6-diacetylpyrid,ne-d. P henyl,m.ne and 0.82 g of 2.3 
rame hyl-1.4-phenylenediamine (molecular weight 184.25; 5 mmols) were put ,nto a 300 ml flask, and thoroughly 
stirred to prepare a homogeneous mixture. 0.3 ml of formic acid was added to this, and further st.rred at room temper- 
m i : 12 hoTrs to make the compounds reacted completely. The resuming yellow ^~»%£X& 
filtration, washed with THF, and dried under reduced pressure. Its NMR spectrum was assigned as the intended l.gand 
(molecular weight 604. 79; 1.58 g, 2.8 mmols, yield 52%). .,-„„,„„._, « * , , 7 , RW .\ S 2 43 (6H s), 

1H-NMR [270 MHz, solvent: CDCI 3 , based on chloroform (5 7.24)]: o 2.01 (1 2H s) 5 227 (6H .). * 2.43 (5H, >, 
S 6.86 (4H, d), 5 7.13 (2H, dd), 5 7.36 - 7.42 (4H, dd), 5 7.91 (2H, dd). 5 3.37 (2H, d), o 8.50 (2H, d). 

(2) Complex Preparation: 

[0079] Next, the ligand prepared nere.n (mo.ecular we.gnt 804. 79; 805 mg. 1 .0 mmol). 1 ^^^^ 
II) oh oride 4-hyCrate (formula weight 198.31; 437 mg, 2.2 mmols) were m.xec .n a 100 ml Sch e 9 
at 30-C for 30 minutes in a nitrogen atmosphere. The resulting solid was taken out througn Mtrat.on. was.,ed 
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hexane, and dried under reduced pressure. Thus was obtained the entitled complex, Compound 27 (molecular 
853.30; 781 mg, 0.91 mmols, yield 91 %). 

[Example 4] Preparation of Compound 28 

{0080] 




(COMPOUND 23) 

(1) Ligand Preparation: 

[QQ81] 100 ml cf methanol, 9.3 g of 2, 5-diacetylpyricine (molecular weight 153.13; 50 mmols) and 32.1 g of 4-meth- 
ylaniiine (molecular weight 107.15; 300 mmols) were put into 3 300 ml flask, and thoroughly stirred to prepare a ho- 
mogeneous mixture. 0.5 ml of formic acid was added to this, and further the mixture was stirred at room temperature 
for 4 hours to make the compounds reacted completely. The resulting yellow crystal was taken out through filtration, 
washed with methanol, and dried under reduced pressure to obtain 13.3 g of 2,5-diacetylpyridine-di(4-methy!phenyi) 
imine ;molecuiar weight 3*1 .45; 53.5 mmols, yield 39 %). 

[0082] 75 ml of tetrahydrofuran. 30 ml of methanol, 15.4 g (45 mmols) of 2.5-ciacety!pyridine-di(4-methy!phenyi) 
imine and 1 .35 g of 2.3,5.5-tetramethyl-1 ,4-phenylenediamine (molecular weight 1 54.25; 1 1 .3 mmols) were put into a 
300 ml flask, and thoroughly stirred to prepare a homogeneous mixture. 0.5 ml of formic acid was added to mis, and 
further stirred at 0°C for 4 hours to make the compounds reacted completely. The resulting yellow crystal was taken 
out through nitration, washed with THF, and dried under reduced pressure. Its NMR spectrum was assigned as the 
intended ligand (molecular weight 632.35; 4.23 g, 3.7 mmols, yield 59 %). 

'H-NMfl [270 MHz, solvent; CDCI 3 , based on chloroform (5 7.24)]; 5 2.00 (1 2H, s), 5 2.22 (5H, s), 5 2.37 (5H, s), 
5 2.43 (5H, s), 3 5.77 (4H, d), 5 7.20 (4H, d), 5 7.90 (2H, dd). 5 3.35 (2H, d), 5 3.49 (2H, d). 

(2) Complex Preparation; 

[0083] Next, -he ligand prepared herein (molecular weight 532.85; 533 mg, 1 .0 mmoi) was processed in the same 
manner as in the step (2) in Example 3 to obtain the entitled complex, Compound 28 (molecular weight 886.34; 351 
mg, 0.96 mmcls, yield 96 %). 
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[Example 5] Preparation of Compound 29 
[0084] 





IwC/Me CI CI 
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(COMPOUND 29) 



(1) Ligand Preparation: 

[008S] 40 ml of foluene, 60 ml of cyclohexane, 7.3d g of 2,5-diacetylpyricine (molecular weight 163.13; 43 mmols) 
and 30 0 g of 3-fluoro-4-methylaniline (molecular weight 125.15; 240 mmois) were put into a 300 ml flask, and thor- 
oughly stirred to prepare a homogeneous mixture. O.S g of sulfuric acid was added to this, and the mixture stirred for 
4 hours under reflux to make the compounds reacted completely. Toluene and cyclohexane were removed in vacuum, 
and 20 ml of methanol was added to the residue to precipitate a white crystal. The crystal was taken out througn 
filtration, washed with methanol, and dried under reduced pressure to obtain 5.74 g of 2.8-diacetylpyridine-di(3-fluoro- 
4-methylphenyl)imine (molecular weight 377.44; 1 S.2 mmols, yield 31 %). 

[00861 12 ml of tetrahydrofuran, 36 ml of methanol, 4.53 g (12 mmols) of 2,S-diacetylpyridine-di(3-fluoro-4-methyl- 
phenyQimine and 657 mg of 2.3.5,6-tetramethyl-1 ,4-phenylenediamine (molecular weight 1 64.25; 3.0mmols) were put 
into a 1 00 ml flask and thoroughly stirred to prepare a homogeneous mixture. 0.3 ml of formic acid was added to this, 
and further stirred at 0«C for 4 hours to make the compounds reacted completely. The resulting yellow crystal was 
taken out through filtration, washed with methanol, and dried under reduced pressure. Its NMR spectrum was assigned 
as the intended ligand (molecular weight 86a.33; 1.42 g. 2.12 mmols, yield 71 %). , , „ „„ , CLJ 

1 H-NMH [270 MHz solvent: CDCI 3 , based on chloroform (5 7.24)] : 5 2.00 (1 2H, s), o 2.25 (6H. s), 6 2.29 (6H, 
S). 5 2.44 (6H, s), 5 5.54- 8.53 (4H, d), 5 7.13 (2H. t), 5 7.91 (2H, dd), 5 3.34 (2H, d), 5 8.50 (2H, d). 



(2) Complex Preparation: 

[0087] Next, the iigand prepared herein (molecular weight =63.33; 569 mg. 1 .0 mmol) was processed in the same 
method as in the step (2) in Example 3 to obtain the entitled complex, Compound 29 (molecular we.ght 922.34, 774 
mg, 0.84 mmols, yield 84 %). 
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(COMPOUND 30) 



(1) Ligand Preparation: 

[0089] 1 CO ml of methanol, 5.53 g of 2,3-diacetylpyndine (molecular weight 1 53. 1 3; 40 mmols) and 21 .4 g of 2-meth- 
ytaniline {molecular weight 1 07.15; 200 mmois) were put into a 3C0 ml flasx. and thoroughly stirred to prepare a ho- 
mogeneous mixture. 0.5 ml of formic acic was added to this, and the mixture was stirred at room temperature for 4 
hours to make the compounds reacted completely The resulting yellow crystal was taken out through filtration, washed 
with methanol, and dried under reduced pressure to obtain 1 0.3 g of 2,o-diacecyipyridine-di(2-methylphenyl)imine (mo- 
lecular weight 341 .45; 30.3 mmols, yield 75 %). 

[0090] 1C ml of tetrahydrofuran, 20 ml of methanol, 5.1 g (15 mmois) of 2,S-diacetylpyridine-di(2-methylphenyl)imine 
and 350 mg of 4.4 , --diamino-3,3 , -dimethyldiphenylmethane (molecular weight 226.32: 3.75 mmols) were put into a 1 CO 
ml flask, and thoroughly stirred to prepare a homogeneous mixture. 0.5 ml of formic acid was added to this, and further 
stirred at 0°C for 4 hours to make the compounds reacted completely. The resulting yellow crystal was taken out through 
filtration, washed with methanol, and dried under reduced pressure. Its NMR spectrum was assigned as the intended 
ligand (molecular weight 594.32; 1.25 g, 1.3 mmols, yield 48 %). 

>H-NMR [270 MHz. solvent: CDCI 3 , based on chloroform (5 7.24)]: 5 2.12 (12H), 5 2.34 (5H, s), 8 2.37 (6H, s), o 
5.54 (2H, <j), 5 5.59 (2H, d), 5 7.01 - 7.1 0 (5H, m), 5 7.1 3 - 7 25 (4H, m), 5 7.39 (2H, dd), 5 3.40 (4H, d). 

[2) Complex Preparation: 

[0091] Next. Che ligand prepared herein (molecular weight 594.92; SS5 mg, 1 .0 mmoi) was processed in the same 
method as in the step (2) in Example 3 to obtain the entitled complex, Compound 30 (molecular weight 948.43; 371 
mg, 0.92 mmols, yield 92 %). 
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[Example 7] Preparation of Compound 31 
[0092] 



YYY1 , 





(COMPOUND 31) 



(1) Ligand Preparation: 

[0093] 1 00 ml of methanol, 1 9.8 g of 2.5-diacetylpyridine (molecular weight 1 33. 13; 1 20 mmols) and 55.9 g of aniline 
(molecular weight 93.13; 500 mmols) were put into a 300 ml flask, and thoroughly stirred to prepare a homogeneous 
mixture 0 S ml of formic acid was added to this, and the mixture was stirred at room temperature for 1 2 hours to make 
the compounds reacted completely. The resulting yellow crystal was taken out through filtration, washed with methanol, 
and dried under reduced pressure to obtain 34.5 g of 2.5-diacetylpyhdine-diphenylimine (molecularweight 313.40; 110 
mmols yield 91%) Next, 35 ml of tetrahydrofuran, 20 ml of methanol, 1.57 g (5 mmols) of 2.5-diacetylpyndine-d.pne- 
nylimine prepared herem. and 1 70 mg of 2.5-dimeChyl-1 ,4-phenylenediamine (molecular weight 136.20; 1 .25 mmols) 
were put into a 1 00 ml flask, and thoroughly stirred to prepare a homogeneous mixture. 0.3 ml of formic ac.d was added 
to this and further stirred at • 20°C for 7 hours to make the compounds reacted completely. The resulting yellow crystal 
was taken out through filtration, washed with methanol, and dried under reduced pressure. Its NMfl spectrum was 
assigned as the intended ligand (molecular weight 576.74; 320 mg, 0.56 mmols, y.eld 44%). 

1 H-NMR [270 MHz, solvent: COCI 3 , based on chloroform (5 7.24)]: 3 2.13 (6H, s), S 2.43 (6H, s), o o.d (2H. s). 
5 5.37 (4H, d), 5 7.14 (2H, dd), 5 7.37 - 7.93 (2H, dd), 5 8.34 - 3.44 (4H, dd). 

(2) Complex Preparation: 

[0094] Next, the ligand prepared herein (molecular weigh. 576.74; 577 mg. 1 .0 mmol) was processed in , the same 
method as in the step (2) in Example 3 to obta.n the entitled complex, Compound 31 (molecularweight 830.25; 792 
mg, 0.95 mmols, yield 9S %). 

[Example 3] Ethylene Polymerization 

[0095] The same orocess of ethylene polymenzation as in Example 2 was repeated, except that 2 ml of a toluene 
suspension of Compound 27 (0.5umols/ml) and not Compound 3 was used herein. 

[Example 9] Ethylene Polymerization 

[0096] The same process of ethylene polymerization as in Example 2 was repeated, except that 2 ml of a toluene 
suspension of Compound 28 (0.5 u.mol/mi) and not Compound 3 was used nerem. 

[Example 10] Ethylene Polymerization 

[0097] The same process of ethylene polymenzation as in Examole 2 was repeated, except that 2 ml of a toluene 
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suspension of Compound 29 (0.5 umol/ml) and not Compound 3 was used herein. 

[Example 11] Ethylene Polymerization 

s [0098] The same process cf ethylene polymerization as in Example 2 was repeated, except that 2 ml of a toluene 
suspension of Compound 30 (0.5 umol/ml) and not Compound 3 was used herein. 

[Example t2] Ethylene Polymerization 

ia [0099] The same process of ethylene polymerization as in Example 2 was repeated, except that 2 ml of a toluene 
suspension of Compound 31 (0.5 umol/mi) and not Compound 3 was used herein. 
[01 00] The data of a-olefin distribution and purity in Examples 3 to 1 2 are given in Table 1 and Table 2. 

(Example 13] Preparation of Compound 34 

(J) Ligand Preparation: 

[0101] 1 GO ml of methanol, 1 .53 g of 2.5-diacetylpyr;dine (molecular weight 153.13; 10 mmols), 4.34 g of 2,4-dimeth- 
ylaniiine (molecular weight 121.13; 40 mmcls) and 540 mg of 1 .4-pnenyienediamine (molecular weight 103.14: 5 
20 mmols) were put into a 300 mi flask, and ;hcrcugh:y stirred -o prepare a homogeneous mixture. Co ml of : ormic acid 
was added to this, and further the mixture was stirred for 1 2 hours :o make :he comocunds reacted ccmpleteiy. The 
resulting pale yellow crystal was taken out through filtration, washed with methanol, and dried under reduced pressure, 
its 1 H-NMfl spectrum was assigned as the following product (molecular weight 604 30; 1 .73 g, 2.35 mmols, yield 59%). 
*H-NMR [90 MHz, solvent: CCCI 3 , based on :etramethylsilare (5 0.00)]: 

25 




57.88 

m 

15 

benzene ring regicn: o 6.5 - 7.2 
(2) Complex Preparation: 

so [01 02] Next, a tetrahydrofuran solution (20 ml) of the ligand prepared herein (molecular weight 304.80; S05 mg; 1 .0 
mmol), and a tetrahydrofuran solution (20 ml) of ferrous (II) chloride 4-hydrate (formula weight 198.31; 437mg, 
2.2mmols) were mixed in a 100 ml Schlenk tube and reacted for 12 hours in a nitrogen atmosphere. The resulting 
bluish violet solid was taken out through filtration, washed with tetrahydrofuran. and dried under reduced pressure. 
Thus was obtained a complex, Compound 34 mentioned above (molecular weight 353.30; 310 mg, 0.94 mmols, yield 

55 94 %). 
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[Example 14] Ethylene Polymerization 

[0103] 250 ml of toluene and 2.0 ml of a toluene solution of polymethylaluminoxane (from Toso-Akzo, having a con- 
centration of 1 mmol/ml) were put into a 1 liter autoclave, and 2.0 ml of a toluene suspension of Compound 34 (con- 
centration- 0 5 umol/ml) prepared in the above was added thereto. 1 0 g of an internal standard, n-undecane was added 
thereto and heated up to 50"C. Afterthis was heated, ethylene was continuously introduced thereinto with its pressure 
being kept at 1 .0 MPa, and reacted at 50'C for 30 minutes. Next, an aqueous solution of sodium hydroxide (1 mol/ 
liter) was added to the system to stop the reaction. 

[0104] Afterthe reaction the autoclave was degassed, andthetotalvolumeofthegaseouscomponentwasmeasured 
with a wet flow meter. The gaseous component was analyzed to quantify the constituent components through gas 
chromatography. The a-olefin in the solution was quantitatively analyzed through gas chromatography us.ng n-unde- 
cane as the internal standard. No solid was detected in the product obtained herein. As a result the overall we.ght of 
the product was 59 g Tne oligomerization activity per the iron metal was 1 054 kg/g-Fe-hr. Tne data of the composition 
analysis and the purity analysis of the product made according to the methods mentioned above are given ,n Table 1 
and Table 2 In these Tables, Cx indicates the fraction having a carton number, x. C* 20 indicates the fraction having 
20 or more carbon atoms,. The heavy component is the solid polymer formed by polymerization. 

[Example 15] Preparation of Compound 46 

[0105] 




(COMPOUND 46) 



(1) Ligand Preparation: 

[01 06] 1 CO ml of methanol. 3.53 g of 2,5-diacetylpyridine (molecular weight 1 33.1 3; 40 mmols) and 21 .4 g of 2-meth- 

^aniiine (molecular weight 107.1 5? 200 mmols) were put into a 300 m, flask, and thoroughly stirred to prepare a h o- 

mogeneous mixture. 0.6 m, of formic acid was added to this, and further the m.xture was stirred at room tempera urc 

for 4 hours to make the compounds reacted completely. The resulting yellow crystal was taken 

washed wrth methanol, and dned under reduced pressure to obtain 10.3 g of 2 S-d.a cM ^^^f!^l 

imine (molecular weight 341 .45; 30.3 mmols, yield 76%). Next, 10 ml of tecrahydrofuran. 20 ml oU met hon*a.l g 

mmols) of 2,5-diacetylpy ridine-di(2-meth y .phen y i)imine and 1 .96 g of 2, 7^iam,nofluorenone (molecular we.ght 9M£ 

To mmo.s) were JZ a 100 ml flask, and thoroughly stirred to prepare a homogeneous m.*ure , . m of forme 

acid was added to this, and further the mixture was stirred at room temperature for 4 hours to make ^ 

reacted completely. The resulting yellow crystal was taken out through f.ltrat.on washed w, h methanol and dned under 

reduced pressure. Its NMR spectrum was assigned as the intended ligand (molecular we.ght 664.34, 2.55 g, 4.0 mmols, 

CS, 070 MHZ, so.ent: CDC, based on chloroform (5 7.24,,: 5 2,4 ^ 8 2.35 ^ J 

5 6.71 (2H, d), 5 6.89 (2H, d), 5 7.02 - 7.06 (4H, m), 5 7. 1 9 - 7.26 (4H, m), 5 7.77 (2H, d), S 791 (2H, dd), S 8.40 (4H. 00). 

(2) Complex Preparation: 

[0107] Next, the ligand prepared herein (molecular weight 564 34; 565 mg. 1 .Omrno.) 10 ml of n-bu.ano. .^ferrous 
(I I, chloride 4-hydra« (formula weight 1 98.31 ; 437 mg, 2.2 mmols) were mixed ,n a 1 00 ml schlenk .uoe and 
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at 80°C for 30 minutes in a nitrogen atmosphere. The resulting solid was taken out through filtration, washed with 
hexane, and dried under reduced pressure. Thus was obtained the entitled complex. Compound 46 (molecular weight 
918.35; 348 mg, 0.92 mmols. yield 92 %). 

5 [Example 16] Preparation of Compound 47 

[01 OS] 



10 



'is 



20 




25 

(COMPOUND 47) 



3Q ( 1 ) Ligand Preparation: 

[0109] 1Q0 ml of methanol. 19.5 g of 2,5-diacetylpyridine (molecular weight 153.13; 120 mmols) and 55.9 g of aniline 
(molecular weight 93.13; 500 mmols) were put into a 300 ml flask, and thoroughly stirred to prepare a homogeneous 
mixture. 0.S ml of formic acid was added to this, and further the mixture was stirred at room temperature for 1 2 hours 

35 to make the compounds reacted completely. The resulting yellow crystal was taken out through filtration, washed with 
methanol, and dried under reduced pressure to obtain 34.5 g of 2,a-diacetylpyridine-diphenylimine (molecular weight 
31 3.40;. 1 1 0 mmols. yield 91 %). Next, 50 ml of tetrahydrofuran, 4.70 g (15 mmols) of 2,5-diacetyipyridine-diphenylimine 
prepared herein, and 406 mg of 1 ,4-phenylenediamine (molecular weight 108.14; 3.75 mmols) were put into a 100 ml 
flask, and thoroughly stirred 10 prepare a homogeneous mixture. 0.3 ml of formic acid was added to this, and further 

*o the mixture was stirred at room temperature for 4 hours Co make the compounds reacted completely. The resulting 
yellow crystal was taken out through filtration, washed with tetrahydrofuran. anc dried under reduced pressure. Its 
NMR spectrum was assigned as the intended ligand (moiecular weight 548.58; 1 .75 g, 3.1 9 mmols, yield 35 %). 

»H-NMR [270 MHz, solvent: CDCI 0 , based on chloroform (5 7.24)]: 5 2.42 (6H, s), 5 2.49 (6H, s), 5 6,36 (4H. d), 
0 5.92 (4H, d), 3 7.13 (2H, dd), S 7.39 (4H, dd), 67.39 (2H. dd), 5 3.34 - 3.37 (4H). 

(2) Complex Preparation: 

[01 1 0] The ligand prepared herein (molecular weight 548.58; 549 mg, 1 .0 mmol) was processed in the same manner 
as in the step (2) In Example 15 to obtain the entitled complex, Compound 47 (molecular weight 302.19; 723 mg, 0.90 
so mmols, yield 90 %). 

[Example 17] Ethylene Polymerization 

[01 11 ] The same process of ethylene polymerization as in Example 1 4 was repeated, except that 2 ml of a toluene 
55 suspension of Compound 46 (0.5 timois/ml) and not Compound 3<i was used herein. 
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[Example 18] Ethylene Polymerization 

[01 1 2] The same process of ethylene polymerization as in Example 1 4 was repeated, except that 2 ml of a toluene 

suspension of Compound 47 (0.5 amol/ml) and nor Compound 34 was used herein. 

[0113] The data of a-olefin distribution and purity in Examples 17 and 18 are given in Table 1 and table 2. 

[Comparative Example 1 ] 

Preparation of Iron 0ichloride^2,6-diacetyipyhdine-bis(2,4-dimethylphenylimine)] Complex: 
(1) Ligand Preparation: Preparation of 2,o-diacetylpyridine-bis(2 f 4-dimetriylphenylimine) 



' [0114] 100 mi of methanol, 1.53 g of 2,5-diacetylpyridine (molecular weight 133.18; 10 mmols), and 4.34 g of 
2,4-dimethylaniiine (molecular weight 1 21 . 1 8; 40 mmols) were put into a 300 ml flask, and thoroughly stirred to prepare 
' is a homogeneous mixture. 0.6 ml of formic acid was added to this, and further the mixture was stirred for 12 hours to 
make the compounds reacted completely. The reaction mixture was left at -73°C for 1 hour, and the resulting pale 
yellow crystal was taken out through filtration, washed with methanol, and dried under reduced pressure. Its 1 H-NMR 
spectrum was assigned as the intended product, 2.5-diacetylpyndine-bis(2,4-dimethylphenylimine) (molecular weignt 

• 369.52; 1 .50 g, 4.33 mmols, yield 43 %). 
20 1 H-NMR [90 MHz solvent: CDCI 3l based on tetramethylsiiane (5 0.00)1: 5 2.1 0 (SH, 2-CH 3 , s), 5 2.34 (3H. 4-CH 3( 

s), 5 2.34 (SH, imine-CH 3 , s), 5 6.5 - 7.2 (6H, benzene ring), 5 7.37 (1H, p-pyhdine ring, dd), 5 3.40 (2H, m-pyridine 
ring, d). 

(2) Complex Preparation: Preparation of Iron 0ichloride/T2,5.diacetylpyridine-bis(2,4.dimethylphenylimine)] Complex 



[01 1 5] Next a tetrahydrofuran solution (40 ml) of 2,o-diacetylpyndine-cis(2,4-dimethytphenyiimine) prepared herein 
(molecular weight 359 52; 1 .0 g, 2.71 mmols), and a tetrahydrofuran solution (40 ml) of ferrous(ll) chloride 4-hydrate 
(formula weight 1 98 31 ; 497 mg, 2.5 mmols) were mixed in a 1 0C ml Schlenk tube and reacted for 1 2 hours in a nitrogen 
atmosphere The resulting bluish violet solid was taken out through filtration, washed wtth tetrahydrofuran, and dried 
30 under reduced pressure. Thus was obtained a complex mentioned below (molecular weight 496.27; 1 .24g, 2.5 mmols. 
yield 100 %). 
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(3) Ethylene Polymerization: 

[01 1 6] 250 ml of toluene and 1 .0 ml of a toluene solution of polymethylaluminoxane (from Toso-Akzo, having a con- 
centration of 1 mmoiyml) were put into a 1 liter autoclave, and 0.5 ml of a toluene suspension of the ligand (<^ n ^ tl0 " : 
1 amol/ml) prepared in the above was added thereto. 10 g of an internal standard, n-undecane was added thereto 
and heated up to 50-C. After chis was h-ated, ethylene was continuousry introduced thereinto wrth its pressure being 
kept at 1 .0 MPa, and reacted at 50'C fc 30 minutes. Next, an aqueous solution of sodium hydroxide (1 mooter) was 
added to the system to stop the reaction. mflacnrfld 
[0117] Afteraction, the autoda^ 

with a wet flow meter. The gaseous component was analyzed to quantify the constituent components t roug gas 
chromatography. The a-olefin in the solution was quantitatively analyzed through gas ch ™ a ^^ 
cane as the internal standard. The solid was taken out through filtration , dned at 1 20°C for 2 nours. and then q uant^d. 
As a result the overall weight of the product was 72 g. The oligomerization activity per :he ,ron metal was o200 .<g/ y 
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J^j Fe-hr. The data of the composition analysis and the purity analysis of the product made according to the methods 

f0 mentioned above are given in Table 1 and Table 2. 
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Table 2 - 



Product Purity 


Example 


Purity (% by weight) 




C 16 


C ta 


2 


95.46 % 


94.86 % 


94.t7% 


3 


97.94 % 


97.72% 


97.44 % 


9 


98.07 % 


9770 % 


97.48 % 


to 


98.00 % 


9767% 


97.49 % 


n 


91.94% 


90.92 % 


39.32% 


12 


36.38 % 


38.34 % 


no data 


U 


34.74 % 


33.06% | 32.30 % 


17 | 32.19% 


33.16% 


35.33 % 


:3 


53.79 % 


5773 % 


75.15 % 


"1 


96.55 % 


95.62 % 


94.95% 



* inocaces Comparative Example. 



[01 1 8] According to the invention, efficiently produced are vinyl -terminated linear a-olefins (oligomers) having a mo- 
lecular weight of not larger than 10,000, and oolyolefins having a moiecuiar weight of over 10 : 0C0. 



Claims 

1 . A transition metal comcound of Groups 3 to 1 0 of the Periodic Table, represented by the following general formula 
(1): 



( L ] MXn 
I 

Y 

t 

[ U I MXn 

I 

Y 
i 

[ L ] MXn 

wherein M represents a transition metal of Groups 3 to 10 of the Periodic Table; L and L" each represent a hetero 
atom-containing hydrocarbon group; X represents a covalent-bonding or ; onic-bonding group, and a plurality of 
X's, if any, may be the same or different: Y represents an aromatic grcup-containing crosslinking group; Z is an 
integer of 1 or more, indicating the degree of polymerization of the compound; n indicates the atomic vaiency of 
M; and M, L, and Y may oe the same or different. 

2. The transition metal compound as claimed in claim 1 , wherein [L] is represented by the following general formula 
(2): 
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wherein ?V to R s each independently represent a hydrogen ato- a halogen atom, a hydrocarbon group having 
from 1 tc '0 carbon atoms, a haiogenohydrocarbon group havr . from i to 20 carton atoms, or a hetero atom- 
containing group, and these may be bonded to each other to form a ring; X* represents a hydrogen atom, a hy- 
drocarbon group having from 1 to 40 carbon atoms, a haiogenohydrocarbon group having from 1 to *0 carbon 
atoms, or a hetero atom-containing group. 

The transition metal compound as claimed in claim 1 , wherein [U] is represented by the following general formula 
(3): 




(3) 



wherein H 7 to R" each independently represent a hydrogen atom, a halogen atom, a hydrocarbon group , having 
from 1 to 20 carbon atoms, a haiogenohydrocarbon group hav.ng from 1 to 20 carbon atoms, or a hetero atom- 
containing group, and these may be bonded to each other to form a nng. 

A transition metal compound of the following general formula (4): 
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M represents a transition metal of Groups 3 to 10 of the Periodic Table; A 1 to R* each independently represent a 
hydrogen atom a halogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, a halogenohydrocarbon 
group having from 1 to 20 carbon atoms, or a hetero atom^ontaining group, and these may be bonded to each 
other to form a ring- H s represents a hydrogen atom, a hydrocarbon group having from 1 to 40 carbon atoms, a 
halogenohydrocarbon group having from 1 to 40 carbon atoms, or a hetero atom-containing group: X represents 
a covalent-bonding or ionic-bonding group, and a plurality of X's, if any, maybe the same or different; n indicates 
the atomic valency of M; R 12 to R 15 , and R' s to R 23 each independently represent a hydrogen atom (except for 
Ri*anct R 21 ), or a hydrocarbon: group having from t to 20 carbon atoms, and these may be the same or different; 
R 1 * and R» may be bonded to each other to form a ring; 8 represents-fR^Qm-, -R 2 * 2 5i-, -0-, -S-, or -R 2 *N-; 
R2* represents a hydrogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms; and m is an integer 
of from 0 to 4. 

5. The transition metal compound as claimed in claim 4, wherein R' 2 and R 1S each are a hydrocarbon group having 
from 1 to 20 carbon atoms, and R 13 and R u are both hydrogen atoms. 

6. The transition metal compound as claimed in claim 4, wherein fl« is a group to be representee by the following 
formula; 




wherein R 2 « to R» each independently represent a hydrogen atom; and R 25 is a methyl group, ethyl group or a 
hydrogen atom. 

7. The transition metal compound as claimed in claim 1 to 4, wherein the transition metal M is iron or cobalt.. 

8. An olefin polyrnenzation catalyst comprising the following (A) and (B): 

(A) a transition metal compound that contains a transition metal of Groups 3 to 10 of the Penodic Table, at 
least two, hetero atom<ontaining hydrocarbon groups, and a crosslink.ng group; 

(81 at least one compound selected from a compound group of (3-1) organoalummium compounds, (8-2) ionic 
compounds caoable of being converted into cationic transition metal compounds through reaction with the 
transition metal compound, (B-3) Lewis acids, and (3-A) clay, clay minerals and ion-exchanging layered com- 
pounds. 

9. An olefin polymerization catalyst comprising the following (A), (B) and (C): 

(A) a transition metal compound that contains a transition metal of Groups 3 to 10 of the Periodic Table, at 
least two. hetero atom-containing hydrocarbon groups, and a crossl.nkmg group; 

(B) at least one compound selected from a compound group of (B-1 ) organoalummium compounds, (B-2) .on* 
compounds capable of being convened into cationic transition metal compounds through reason w* .the 
transition metal compound. (B-3) Lewis acids, and (B-4) day, clay mineral and ion-exchanging layered com- 
pounds; 

(C) an organometallic compound. 

10. Tne olefin polymerization catalyst as claimed in Cairn 3 or 9. wherein :he component (A, is the transition metal 
compound of any of claims 1 to 7. 
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. 11. The olefin polymerization catalyst as claimed in claim 8 or 9, wherein the component (8) is any of alkylaluminox- 
anes, boron compounds and phyllosilicic acid compounds. 

12. A method for olefin polymerization, which comprising polymerizing an olefin in the presence of the olefin polym- 
J erization catalyst of claim 3 or 9. 
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